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ABSTRACT 


The  purpose  of  this  thesis  was  to  design,  build,  and  test  a  device  capable  of 
simulating  the  acoustic  pulse  expected  from  the  interaction  between  an  Ultra-High 
Energy  (UHE)  neutrino  and  seawater.  When  a  neutrino  interacts  with  seawater,  the 
reaction  creates  a  long,  narrow  shower  of  sub-atomic  particles.  The  energy  from  this 
reaction  causes  nearly  instantaneous  heating  of  the  seawater  on  an  acoustic  timescale. 
The  acoustic  pulse  created  by  the  resulting  thermal  expansion  of  the  water  is  predicted  to 
be  bipolar  in  shape.  This  work  was  undertaken  to  support  a  Stanford  experiment,  the 
Study  of  Acoustic  Ultra-high  energy  Neutrino  Detection  (SAUND),  that  uses  existing 
hydrophone  arrays  to  detect  UHE  neutrinos  from  the  acoustic  pulse  generated  by  their 
rare  interactions  with  seawater. 

The  device  fabricated  for  this  thesis  uses  the  discharge  current  from  a  4pF 
capacitor  charged  to  2.5kV  to  heat  the  seawater  between  two  copper  plates.  The  anode 
and  cathode  plates  of  this  “zapper”  design  were  6  cm  in  diameter  and  20  cm  apart.  The 
acoustic  pulse  generated  by  the  zapper  was  measured  both  in  a  small  test  tank  at  NPS  and 
at  the  Acoustic  Test  Facility  located  at  NUWC  Keyport.  Bipolar  pulses  observed  at  NPS 
on  two  separate  test  dates  had  average  pulse  lengths  of  11  Ops  +/-  lOps  and  160  +/-  20ps 
and  average  amplitudes  at  lm  of  1.9  +/-  0.3Pa  and  4.7  +/-  0.6Pa.  The  average  pulse 
length  recorded  at  Keyport  was  49  +/-  6ps  and  the  average  amplitude  at  lm  was  6.4  +/- 
0.9Pa.  The  pulse  lengths  recorded  at  NPS  were  reasonably  consistent  with  theory, 
however  all  pressure  amplitudes  were  about  100  times  lower  than  predicted.  The  cause 
of  the  amplitude  discrepancy  is  not  completely  understood  at  this  time. 
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I. 


INTRODUCTION 


The  purpose  of  this  thesis  was  to  simulate  the  acoustic  pulse  created  by  the 
interaction  between  an  Ultra-High  Energy  (UHE)  neutrino  and  seawater.  The  interaction 
between  a  neutrino  and  seawater  forms  a  shower  of  subatomic  particles.  The  energy 
from  this  shower  results  in  near  instantaneous  heating  of  the  seawater.  An  acoustic  pulse 
is  formed  from  the  resultant  expansion  of  the  seawater  as  it  heats  up.  The  pulse  formed  is 
expected  to  be  a  bipolar  pulse  that  goes  positive  first.  The  pulse  length  and  amplitude 
depend  on  the  properties  of  the  seawater  in  addition  to  the  dimensions  of  the  shower. 

In  2001,  Giorgio  Gratta  of  Stanford  University  began  an  experiment  to  detect 
UHE  neutrinos  acoustically  using  a  matched  filter  to  detect  the  acoustic  pulse  received  by 
existing  hydrophone  arrays.  This  project  is  referred  to  as  the  Study  of  Acoustic  Ultra- 
high  Neutrino  Detection  (SAUND)  and  is  currently  based  on  a  large  hydrophone  array 
that  the  US  Navy  operates  for  naval  exercises  at  the  Atlantic  Undersea  Test  and 
Evaluation  Center  (AUTEC). 

In  order  to  examine  the  possibility  of  detecting  the  acoustic  pulse  from  a  neutrino- 
seawater  interaction,  a  decision  was  made  in  collaboration  with  Stanford  to  build  a  device 
to  simulate  the  acoustic  signature  at  AUTEC.  This  device,  or  "zapper",  would  test 
SAUND's  ability  to  pick  up  the  desired  signal  as  well  as  to  determine  the  ability  of 
SAUND  to  correlate  signals  from  different  hydrophones.  The  zapper  would  be  deployed 
underwater  and  attempt  to  simulate  the  neutrino's  reaction  by  discharging  a  capacitor 
through  the  seawater. 

The  design  of  the  zapper  went  through  many  iterations  and  a  working  prototype 
was  constructed  and  tested  in  January  2006.  The  zapper  prototype  was  tested  twice  in  a 
saltwater  tank  at  the  Naval  Postgraduate  School  (NPS)  and  then  tested  underwater  at  the 
Acoustic  Test  Facility  (ATF)  at  the  Naval  Undersea  Warfare  Center  (NUWC)  located  in 
Keyport,  WA.  Initial  testing  revealed  the  expected  bipolar  pulse.  The  pulse  durations 
measured  at  NPS  were  in  reasonable  agreement  with  established  theory,  however,  all 
amplitudes  were  two  orders  of  magnitude  lower  than  anticipated. 
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II.  BACKGROUND 


A.  NEUTRINO  INTERACTIONS  WITH  SEA  WATER 

A  neutrino  with  an  energy  greater  than  1018  eV  is  considered  to  be  UHE.  Cosmic 
rays  from  beyond  our  galaxy  are  one  source  of  these  UHE  neutrinos.  When  a  neutrino 
reacts  with  a  water  molecule,  it  creates  a  hadronic  shower.  Dolgoshien  and  Askaryan 
first  proposed  in  1957  that  a  high-energy  charged  particle  in  water  would  create  a  thermal 
shock  resulting  in  the  emission  of  an  acoustic  pulse.  According  to  Lehtinen  et.  al.  [2002], 
the  particle  shower  created  by  the  reaction  is  elongated  into  a  long,  thin  vertical  column 
approximately  20m  long.  The  mechanism  that  creates  the  acoustic  pulse  is  the  near 
instantaneous  heating  of  the  water  in  the  vertical  column  of  the  shower.  The  resultant 
pulse  is  created  by  the  summation  of  the  expansion  of  infinitesimal  volumes  in  the 
column. 

Assuming  that  the  energy  deposition  can  be  expressed  in  terms  of  a  delta  function 
in  both  space  and  time,  Learned  [1979]  solves  for  the  pressure  as  a  function  of  distance 
and  time  as: 


Eq  1  p(r,t ) 


E0K  6\r/c-t), 
4  nCp  r 


where  K  is  the  thermal  expansion  coefficient,  Cp  is  the  specific  heat,  Eo  is  the  total 

energy  deposited  and  c  is  the  speed  of  sound.  Using  the  more  realistic  Gaussian  heat 
distribution,  the  equation  becomes: 

Eq  2  p(r,  t ')  =  - /— — t-  -  exp[-(/  f  /  2(cr  /  cf  ]  ’ 

4nCp  ^(2 tt)(ct/c) 

where  f  is  the  retarded  time,  t-r/c,  and  cr  is  the  standard  deviation  of  the  heat 
deposition  in  time.  This  is  a  bipolar  pulse  which  swings  positive  first.  An  example  of  the 
expected  pulse  is  shown  in  Figure  1. 
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Figure  1.  Calculated  acoustic  pulse  from  neutrino  interactions.  From  Learned  [1979] 


The  pressure  amplitude  is  calculated  assuming  that  the  shower  column  is 
uniformly  heated  and  the  length  is  much  larger  than  the  diameter.  This  equation  is  given 
by  Sulak  et.  al.  [1979]  as: 


Eq  3  P 


K  Eo  c 2  sin  x  , 
~cl~V  8  T2  x 


Where  x 


sin  6 ,  L  is  the  length  of  the  column,  and  d  is  the  diameter  of  the 


column,  and  9  is  the  angle  to  the  measurement  point  relative  to  the  acoustic  axis.  The 
pulse  length  is  dependent  on  the  geometry  of  the  shower’s  vertical  column  as  well  as  the 
time  period  over  which  the  energy  is  deposited.  It  is  calculated  as  the  summation  of  the 
time  period  over  which  the  energy  is  deposited  plus  twice  the  time  that  it  takes  sound  to 
travel  from  one  side  of  the  column  to  the  other. 


B.  STUDY  OF  ACOUSTIC  HIGH-ENERGY  NEUTRINO  DETECTION 
(SAUND) 

During  the  1970’s,  the  Deep  Underwater  Muon  And  Neutrino  Detection 
(DUMAND)  project  was  designed  to  detect  UHE  neutrinos  from  Cerenkov  radiation. 
Although  acoustic  detection  was  considered,  it  was  not  accomplished  before  the  project 
was  discontinued  in  1996.  The  idea  of  the  acoustic  detection  of  neutrinos  was  resurrected 
around  2001  and  is  being  pursued  by  a  number  of  groups.  Giorgio  Gratta  of  the  Stanford 
High  Energy  Physics  group  has  established  the  Study  of  Acoustic  Ultra-high  energy 
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Neutrino  Detection  (SAUND)  to  use  pre-existing  hydrophone  arrays  to  detect  neutrinos 
acoustically.  The  hydrophone  arrays  currently  being  used  are  the  new  AUTEC 
Hydrophone  Replacement  Program  (AHRP)  arrays  located  in  the  Tongue  of  the  Ocean  in 
the  Bahamas.  These  bottom  mounted  hydrophone  arrays  are  approximately  2km  in  depth 
and  cover  an  area  of  approximately  250 km2.  A  conceptual  picture  of  an  AHRP 
hydrophone  detecting  the  acoustic  pulse  from  a  hadronic  shower  is  shown  in  Figure  2. 


hydrophone 


bottom 


surface 


ocean  water 


shower 


1-2  km 


Figure  2.  Example  of  acoustic  detection  of  pulse  created  from  hadronic  shower.  From 

Lehtinen  et.  al.  [2002] 

SAUND  computers  receive  the  raw  hydrophone  data  from  the  AHRP  arrays.  A 
master  computer  controls  the  timing  and  the  noise  thresholds  that  are  applied  to  the  data. 
A  matched  filter  using  the  bipolar  pulse  shown  in  Figure  1  attempts  to  detect  the  rarely 
occurring  neutrino  signature  amidst  the  voluminous  data  acquired. 

Due  to  uncertainties  in  both  how  the  AUTEC  environment  and  the  AHRP 
electronics  would  affect  the  neutrino’s  acoustic  signature,  a  calibration  was  proposed  to 
characterize  the  AHRP  system.  In  addition,  it  was  necessary  to  ensure  that  the  signal 
expected  from  a  UHE  neutrino  could  in  fact  be  detected  by  the  AHRP  hydrophones.  The 
calibration  required  designing  and  building  a  device  which  could  mimic  the  acoustic 
pulse  described  in  Chapter  II  by  using  an  electric  discharge  to  quickly  heat  the  water  in  a 
column  of  seawater.  Since  this  device  would  in  effect  “zap”  the  water  with  electricity, 
this  device  was  dubbed  the  “zapper”. 


5 


THIS  PAGE  INTENTIONALLY  LEFT  BLANK 


6 


III.  DESIGN 


A.  INITIAL  DESIGN 

As  described  in  the  previous  chapter,  the  goal  of  the  zapper  was  to  simulate  the 
acoustic  signature  expected  from  the  reaction  between  a  neutrino  and  seawater.  Because 
of  the  expected  length  of  the  hadronic  shower,  the  initial  zapper  design  involved 
discharging  a  capacitor  through  seawater  between  an  anode  and  a  cathode  placed  10m 
apart  from  each  other.  To  contain  the  path  of  the  resulting  current  to  a  small  cross- 
sectional  area,  the  design  called  for  a  2  cm  diameter  helical  strip  of  plastic  insulation  to 
be  wrapped  around  the  axis  from  the  anode  to  the  cathode.  A  rough  initial  sketch  of  this 
design  is  shown  in  Figure  3.  In  order  to  verify  the  expected  acoustic  signature  which 
would  be  detected  by  the  AUTEC  hydrophones  from  neutrino  interactions  at  various 
depths  and  from  various  directions,  preliminary  designs  called  for  having  the  “zapper” 
discharge  periodically  while  spiraling  down  through  the  water  column.  Since  the  water 
depth  near  the  AUTEC  AHARP  arrays  extends  to  1.6km,  the  pressure  vessel  for  the 
supporting  electronics  had  to  have  a  depth  tolerance  of  about  160atm.  The  plans  also 
included  a  float  and  detachable  anchor  to  recover  the  device  after  its  descent. 


^  - ** 


Figure  3.  Sketch  for  zapper  original  design.  From  Gratta  [2005] 
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The  electronics  portion  of  this  initial  design  called  for  a  capacitor  to  hold  and 
discharge  the  electricity.  The  seawater  serves  as  the  load,  and  a  spark  gap  switch  controls 
the  capacitor  discharge.  The  initial  design  also  called  for  a  pressure  sensor  to  "turn  on" 
the  zapper  at  a  depth  of  30m.  A  trigger  circuit  was  envisioned  as  a  means  to  turn  the 
spark  gap  switch  on  periodically  after  the  capacitor  was  fully  charged..  To  mimic  the 
neutrino  signature,  the  energy  to  be  discharged  was  1J  or  about  1019  eV.  The  resistance 
of  the  water  column  between  the  anode  and  cathode  can  be  found  using  the  equation: 

Eq  4  R  =  —p  , 

A 

where  L  is  the  length  of  the  cylinder  of  water  between  the  anode  and  cathode,  A  is  the 
cross-sectional  area,  and  p  is  the  resistivity  of  sea  water.  Using  the  accepted  value  of 
0.2  Q  -  m  as  the  resistivity  of  seawater  (Boyd  [2006]),  and  inserting  the  values  for  L 
(10m)  and  A  ( n(\  cm)2),  the  resistance  of  the  cylinder  of  seawater  is  calculated  to  be 
6.4  kQ.  To  create  the  thermal  heating  on  a  sufficiently  small  time  scale,  the  time 
constant  for  the  discharge  was  set  at  5  ps  .  Using  the  relationship  between  the  discharge 
time  constant,  the  capacitance,  and  the  resistance: 


Eq  5  C  =  — , 

R 

the  desired  capacitor  value  is  found  to  be  833pF.  This  value  was  rounded  up  to  InF  to 
get  a  standard  value.  The  voltage  needed  to  dump  1J  of  energy  into  the  water  is  then 
found  using  the  equation: 


Eq  6  V  = 


•> 


where  E  is  total  energy.  This  resulted  in  a  voltage  of  45  kY.  Unfortunately,  this  value 
was  too  high  for  the  available  high  voltage  components  as  the  highest  value  of  spark  gap 
switch  readily  available  was  rated  at  30kV.  Because  higher  voltages  require  larger 
capacitors  to  avoid  dielectric  breakdown,  45kV  also  drove  the  design  to  a  larger  capacitor 
which  would,  in  turn,  require  a  larger  pressure  vessel..  By  doubling  the  capacitance  to 
2nF,  the  voltage  required  could  be  dropped  to  30kV  enabling  the  use  of  smaller  and  more 
readily  available  components.  The  higher  capacitance  doubled  the  time  constant  from 
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5  jus  to  1 0  jus  .  While  any  increase  in  the  pulse  length  is  undesirable  from  the  point  of 
view  of  simulating  the  near  instantaneous  heating  of  seawater  due  to  a  neutrino 
interaction,  the  trade-off  was  deemed  acceptable  since  the  simulated  pulse  -  although 
longer  -  could  still  be  used  to  validate  the  ability  of  SAUND  II  to  detect  neutrino-like 
acoustic  signatures. 


B.  REFINING  THE  INITIAL  DESIGN 

With  the  assistance  of  Don  Snyder,  a  technician  in  the  Rail  Gun  Group  at  NPS,  a 
rudimentary  desktop  model  was  constructed  to  test  the  electronic  design.  A  schematic  of 
this  design  is  shown  on  Figure  4,  and  a  picture  of  the  desktop  model  is  shown  on  Figure 
5.  Four  mica  500pF  capacitors  were  put  in  parallel  to  provide  the  2nF  of  capacitance. 
The  power  source  was  a  variable  0-30kV  DC  voltage  supply.  The  spark  gap  switch 
chosen  was  a  gas-filled  switch  using  sulfur  hexafluoride.  This  was  chosen  as  it  was 
readily  available  and  could  withstand  at  least  30kV. 


Pulse 


Figure  4.  Schematic  of  zapper  initial  design 
The  desktop  model  provided  many  lessons  towards  making  a  working  prototype. 
One  challenge  was  that  the  gas  spark  gap  switch  was  unreliable.  During  testing,  it  would 
discharge  the  capacitor  about  half  the  time.  This  was  attributed  to  the  fact  that  the 
particular  spark  gap  switch  that  was  being  used  was  made  to  work  at  50kV,  and  30kV 
was  towards  the  bottom  of  its  operating  range.  Another  challenge  while  working  with 
this  design  was  the  difficulty  in  measuring  data.  Many  commercial  devices  such  as  an 
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oscilloscope  or  a  voltmeter  could  not  function  at  30kV.  The  solution  was  to  use  a 
commercial  voltage  divider  to  track  the  charging  of  the  zapper,  and  a  Pearson  current 
monitor  to  indirectly  measure  the  current  as  the  capacitor  discharged.  The  final 
significant  challenge  that  was  observed  was  the  need  to  place  components  at  least  an  inch 
from  each  other.  This  is  due  to  the  fact  that  dielectric  breakdown  of  air  occurs  at 
approximately  25kV  per  inch.  Since  the  components  need  to  be  in  close  proximity  in  the 
pressure  vessel,  this  limitation  posed  a  challenge  for  the  prototype.  A  possible  solution 
might  be  to  cover  the  components  in  an  insulating  material  at  the  final  construction. 


Figure  5.  Desktop  model  of  initial  design 

After  consulting  with  the  Stanford  High  Energy  Physics  (HEP)  group,  a  decision 
was  made  to  scale  back  the  design  of  the  zapper  to  create  a  simpler  version  for  the  first 
stage  of  testing.  One  of  the  main  concerns  was  to  "shrink"  the  conducting  path  to  a  more 
manageable  size  for  fabrication  and  testing  purposes.  The  dimensions  chosen  were  a 
length  of  20cm  and  a  diameter  of  10cm.  This  shorter  length  was  also  expected  to 
produce  the  additional  advantage  of  a  more  omni-directional  pulse.  Another  way  in 
which  the  design  was  simplified  was  by  removing  the  requirement  for  continuous 
operation  during  its  descent  to  the  bottom.  Instead,  the  simplified  version  was  envisioned 
as  operating  while  suspended  from  a  boat.  Its  depth  was  intended  to  be  sufficiently  far 
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beneath  the  surface  to  avoid  having  surface  reflections  interfere  with  the  pulse  received 
from  the  direct  path.  Given  the  shorter  length  and  larger  diameter  of  the  new  design,  the 
conducting  cylinder's  resistance  was  expected  to  decrease  from  6  kQ.  to  5  Q  using  Eq  4. 
Also,  in  order  to  increase  the  likelihood  of  detecting  the  acoustic  signal,  the  total  energy 
to  be  released  into  the  water  was  increased  from  1J  to  at  least  10J.  For  the  purpose  of 
using  readily  available  parts,  a  4  juF  capacitor  was  chosen,  and  the  voltage  was  raised 
slightly  to  2.5kV  (the  upper  limit  of  the  capacitor.)  At  this  voltage  there  are  alternatives 
to  a  spark  gap  switch  such  as  high  power  transistors.  At  2.5kV,  the  4  juF  capacitor 
delivers  12. 5J  of  energy  to  the  seawater  with  a  time  constant  of  20  jus .  The  parameters 
chosen  for  the  simplified  zapper  design  were  therefore: 

•  C  =  4  juF 

•  Y  =  2.5kV 

•  L  =  20cm 

•  d  =  10cm 

C.  FINAL  DESIGN 

1.  Selecting  the  Main  Components 

As  noted  above,  the  decision  to  lower  the  voltage  made  acquiring  parts  easier, 
however,  the  components  still  need  to  tolerate  fairly  high  currents.  This  made  finding  a 
suitable  switching  mechanism  challenging.  The  expected  peak  current  was  calculated  to 
be  490A.  The  original  plan  was  to  use  a  vacuum  spark  gap  for  the  switching  mechanism. 
However,  there  was  a  minimum  wait  of  four  weeks  for  that  part  so  a  replacement  part 
was  sought.  After  consulting  with  Professor  Alex  Julian  of  the  Electrical  Engineering 
Department  at  NPS,  a  suitable  alternative  was  identified,  an  Insulated  Gate  Bipolar 
Junction  Transistor  (IGBT).  The  IGBT  chosen  was  a  Powerex  CM400-90H  rated  at 
4.5kV  and  400A.  Typical  commercial  uses  would  be  switching  applications  where  high 
switching  speed  and  high  power  were  needed,  such  as  in  subways.  The  selection  of  the 
IGBT  necessitated  small  changes  to  the  circuit  design.  To  protect  the  IGBT  it  was  placed 
between  the  load  and  ground  instead  of  between  the  capacitor  and  the  load  as  was 
initially  intended.  This  change  is  illustrated  in  Figure  6. 
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Figure  6.  Schematic  of  zapper  final  design 


The  power  was  supplied  by  a  12V  battery.  The  type  of  battery  chosen  was  a  7.5 
Amp  hour  Solid  Lead  Acid  (SLA)  battery.  The  SLA  battery  was  chosen  because  of  its 
relatively  high  energy  density,  its  availability,  and  its  reliability.  12V  was  chosen 
because  it  could  power  most  types  of  anticipated  circuitry  and  is  the  voltage  required  by 
most  types  of  commercial  DC-DC  voltage  converters.  A  DC-DC  voltage  converter  was 
chosen  to  amplify  the  12V  to  the  required  2.5kV.  The  voltage  converter  chosen  was  an 
EMCO  DX100,  which  is  a  variable  1.5-10kV  converter.  It  has  three  inputs,  a  ground,  an 
input  for  12V,  and  a  third  input  that  controls  the  voltage  output  by  acting  as  a 
potentiometer.  Through  testing,  it  was  found  that  a  650  Q  resistor  between  the  third 
input  and  ground  provided  the  required  2.5kV  output. 

The  circuit  requires  two  diodes  to  provide  protection.  One  diode  is  connected  to 
the  output  of  the  DC-DC  voltage  converter.  This  is  done  to  prevent  potentially  damaging 
feedback  to  the  voltage  converter.  The  second  diode  is  placed  between  the  capacitor  and 
the  collector  of  the  IGBT.  This  is  done  to  provide  an  alternative  path  for  the  current  in 
case  the  IGBT  unexpectedly  turns  off.  These  diodes  are  shown  in  Figure  6. 

A  magnetic  proximity  switch  is  placed  in  series  with  the  12V  battery  and  the 
power  lead  of  the  DC-DC  converter  as  shown  in  Figure  6.  This  provides  a  mechanical 
safety  for  the  zapper.  The  magnetic  switch  has  options  for  both  normally  open  and 
normally  closed  (with  no  magnet  applied).  The  option  chosen  for  the  zapper  was  to  use 
the  normally  open  option.  In  this  configuration  no  power  goes  to  the  DC-DC  voltage 


12 


converter  unless  the  magnet  is  applied.  Once  the  magnet  is  applied,  the  battery  powers 
the  voltage  converter,  and  the  capacitor  starts  to  charge.  The  magnetic  switch  is  affixed 
to  the  inside  of  the  pressure  vessel.  When  ready  to  commence  charging  the  capacitor,  the 
magnet  is  attached  to  the  outside  of  the  pressure  vessel  directly  over  the  switch.  A 
magnet  strong  enough  to  activate  the  switch  through  the  pressure  vessel  wall  was  found 
from  an  old  3.5"  floppy  drive.  This  arrangement  provides  another  type  of  safety  measure 
as  well.  When  the  magnet  is  detached  from  the  outside  of  the  pressure  vessel,  the 
capacitor  can  no  longer  be  charged  up.  However,  it  can  still  have  a  residual  charge. 
Since  the  power  to  the  rest  of  the  circuit  is  still  on,  the  triggering  mechanism  remains 
active.  Therefore,  the  zapper  will  discharge  any  remaining  charge  on  the  capacitor  after  a 
short  wait  and  is  then  safe  to  retrieve  from  the  water.  And  finally,  for  the  4 uF  capacitor, 
a  doorknob  mica  capacitor  was  chosen  both  for  its  availability,  its  size  (9cm  diameter,  5 
cm  thick),  and  its  low  inductance  (~20 juH). 


2.  Trigger  Circuit  and  Pressure  Sensor 

Originally  it  was  thought  that  the  DC-DC  power  converter  needed  a  resistor  in 
series  to  limit  the  current  to  5mA.  The  value  of  the  charging  resistor  needed  was 
determined  to  be  approximately  1 MQ .  This  value  results  in  a  time  constant  of  four 
seconds  for  charging  the  capacitor.  The  discharge  time  constant  was  determined  to  be 
20  jus .  Thus,  a  pulse  was  needed  to  "turn  on"  the  IGBT  for  200ms  and  "turn  off  the 
IGBT  for  four  seconds.  The  off  time  was  extended  to  five  seconds  to  add  a  buffer  to 
allow  the  capacitor  to  charge  fully.  After  reviewing  the  spec  sheet  and  testing  the  IGBT, 
the  voltage  required  to  turn  on  the  IGBT  was  6Y,  and  the  current  required  was 
approximately  50mA.  Preliminary  attempts  to  accomplish  this  with  an  LM555  timer 
integrated  circuit  (IC)  chip  were  unsuccessful  due  to  the  low  duty  cycle,  so  the  next  step 
was  to  try  two  LM555's  in  parallel.  This  attempt  was  also  unsuccessful.  Although  the 
use  of  a  microprocessor  had  initially  been  rejected  as  too  space  consuming,  it  presented 
itself  at  this  point  as  the  only  option.  The  microprocessor  chosen  was  a  Z-World 
BL2000.  This  microprocessor  was  already  available  and  had  the  advantage  of  being 
familiar.  It  uses  the  Dynamic  C  programming  language  which  is  very  similar  to  C. 

Producing  the  pulse  with  the  BL2000  proved  to  be  quite  simple.  The  BL2000  was 
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programmed  to  output  a  TTL  "high"  (5V),  wait  for  200ms,  output  a  TTL  "low"  signal 
(0V),  and  wait  for  5000ms  (five  seconds)  while  in  an  infinite  loop. 

As  it  turned  out,  the  program  had  to  be  modified  slightly  due  to  the  DC-DC 
voltage  converter.  The  converter  could  only  output  a  maximum  current  of  100  /uA . 
After  reviewing  the  specs  and  noting  that  the  voltage  converter  had  short  circuit 
protection,  the  charging  resistor  was  removed.  Testing  the  charge  time  without  the 
charging  resistor,  the  capacitor  required  two  minutes  to  become  fully  charged. 


//Sapperpulse.  c - creates  pulse  for  zapping 

void  main ( ) 

{ 

int  ms ; 
int  comp; 
long  t-O; 
float,  volt; 


brdlnit ( ) ; 


wJiile  ( 1 ) 

{ 

digOut (3,1) ; 

for  ( t  O  =  HS_T I HE  R ;  HS_TIHER<tO  +  12 OOOG ;  )  ; 
digOut (3,0) ; 

for  ( t  O  =  HS_T I HE  R ;  HS_TIHER<tO+2 OO ;  )  ; 

> 

> 

Figure  7.  Dynamic  C  program  used  in  BL200  microcontroller 
The  output  of  the  microprocessor  alone  can’t  turn  on  the  IGBT,  so  a  small 
amplifier  circuit  is  needed.  A  HEXFET  IRF  2805  in  the  common  source  mode  is  used  to 
amplify  the  signal  as  shown  in  Figure  6.  When  the  BL2000  outputs  OV,  the  output  of  the 
amplifier  is  12V,  and  when  the  output  of  the  BL2000  is  5V,  the  amplifier  outputs  OV. 
Thus,  the  pulse  is  inverted.  The  program  of  the  BL2000  was  adjusted  to  compensate  for 
this.  The  output  going  into  the  gate  of  the  IGBT  is  a  12V  pulse  for  200ms  followed  by 
0V  for  two  minutes.  The  final  program  is  shown  in  Figure  7. 

To  turn  the  zapper  on  at  the  desired  depth,  the  Measurement  Specialties  MSP  600- 
100-P-3-D-4  pressure  sensor  was  chosen  to  provide  a  voltage  signal  which  could  be  fed 

to  the  microcontroller  to  control  the  charging  process.  The  pressure  sensor  requires  5V 
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//number  of  milliseconds  to  wali 
//Input  from  c  omp  -3r|3 1  o  r 


for  power,  so  a  7805  5V  voltage  regulator  is  used  to  draw  down  the  12V  from  the  battery 
to  5V.  Tests  of  the  pressure  sensor  revealed  that  it  read  0.53V  at  ambient  pressure  and 
increased  at  a  rate  of  approximately  0.0  IV  per  10cm  in  fresh  water.  To  turn  the  zapper 
on  at  a  depth  of  about  half  a  meter,  therefore,  would  require  the  microcontroller  to 
activate  the  charging  process  with  an  input  signal  of  0.6V.  To  accomplish  this  with  the 
microcontroller,  the  pressure  sensor  output  was  connected  to  one  of  the  inputs  of  the 
microcontroller,  and  the  program  was  adjusted  to  output  the  pulse  when  the  input  is 
greater  than  0.6V.  If  the  voltage  falls  below  0.6V,  the  microcontroller  stops.  Using 
Dynamic  C,  this  was  accomplished  by  using  an  "IF. .ELSE"  statement  and  is  shown  in 
Figure  8. 


/AapperpuJse.  c - creates  puise  for  zappiiig 

void  main (  ) 

{ 

int  ms;  //number  of  milJisecojids  to  urai  i 

int  comp;  //iriput  jf-rojzi  comparator 

long  t 1 j  ; 
float  volt; 


brdlnit ( j ; 


while  ( 1 ) 

{ 

volt  =  AnalnVolt ( 7 ) ; 
if  (volt  >  0.6) 

{ 

digOut  (3,1)  ; 

for  ( tO=HS _ TIMER;  HS_TIHER<t0+120000; ) ; 

clicgCmt  (3,0)  ; 

for  ( 1 0  =  113 _ TIMER;  HS _ TIHER<tO+2  □□  ;  )  ; 

volt  =  AnalnVolt ( 1 ) ; 

> 

else  { 

digOut  (3,1)  ; 

> 

AnalnVolt ( 7 ) ; 

> 

> 

Figure  8.  Dynamic  C  program  incorporating  pressure  sensor 


3.  Pressure  Vessel 

In  order  to  protect  electronics  at  depth,  a  pressure  vessel  is  required.  Commercial 

pressure  vessels  require  long  lead  times  and  are  quite  expensive.  As  an  alternative,  a 

pressure  vessel  manufactured  by  the  Oceanography  Department  at  NPS  was  chosen.  This 
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pressure  vessel  was  cheaper  than  commercial  pressure  vessels.  In  addition,  the  short  lead 
time  of  one  week  allowed  for  sufficient  time  to  determine  the  exact  size  specifications 
needed  to  accommodate  the  electronic  components  that  were  to  be  housed  inside. 

Once  all  the  parts  were  in  hand,  the  size  of  the  pressure  vessel  was  determined  to 
be  3ft  long  and  8in  in  diameter  (inner).  A  5in  wide  aluminum  tray  was  fitted  inside  the 
pressure  vessel  to  mount  the  electronics.  A  sheet  of  1/4  inch  thick  PYC  was  placed  over 
the  aluminum  tray  to  provide  a  insulated  base  for  the  zapper.  The  pressure  vessel  has  3 
openings  to  the  water.  Two  are  on  one  end  of  the  vessel  to  accommodate  the  conducting 
cables  carrying  the  discharge  current.  The  third  opening  is  on  the  other  end  of  the 
pressure  vessel  where  the  pressure  sensor  fits. 


4.  Conducting  Channel 

The  conducting  channel  consists  of  two  conducting  plates  6cm  in  diameter  and  set 
20cm  apart.  The  plates  are  made  of  copper  since  it  was  readily  available  and  is  an 
excellent  conductor.  Testing  was  done  to  ensure  that  corrosion  would  not  affect  the 
results  during  the  duration  of  the  experiments,  and  the  result  of  these  tests  are  detailed  in 
the  "Testing"  section.  To  prevent  possible  fringing  of  the  discharge  current,  the  design 
called  for  insulation  around  the  conducting  path  between  the  plates.  Towed  array  tubing 
was  chosen  because  it  is  designed  to  match  the  impedance  of  seawater.  The  largest 
towed  array  tubing  available,  however,  had  an  8cm  diameter.  The  support  structure 
within  the  tube  (required  to  hold  and  space  the  copper  plates)  reduced  the  space  available 
for  the  plates  even  further.  Therefore,  the  plates  which  were  originally  intended  to  be 
10cm  ended  up  as  6cm  in  diameter.  The  support  structure  consists  of  two  plastic  wheels 
with  three  rods  connecting  them.  The  copper  plates  are  attached  to  the  inside  of  the  8cm 
diameter  wheels.  The  towed  array  tubing  slides  over  this  assembly.  A  sketch  of  the 
complete  assembly  of  the  conducting  path  is  shown  in  Figure  9. 
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Plastic  Wlieel,  8  cm 
diameter 


Figure  9.  Sketch  of  conduction  path 

The  conducting  path  is  rigidly  fixed  to  the  pressure  vessel  so  that  it  remains 
vertical  as  the  pressure  vessel  is  lowered  into  the  water.  This  is  accomplished  by  using  a 
semi-circular  plastic  piece  attached  to  a  1.75cm  (3/4  inch)  PVC  pipe  that  attaches  to  the 
conducting  path.  The  PVC  pipe  is  45cm  long  so  as  to  minimize  the  scattering  and 
reflection  of  the  acoustic  pulse  off  of  the  pressure  vessel.  The  cables  from  the  pressure 
vessel  are  affixed  to  opposite  sides  of  the  conducting  path  as  shown  on  Figure  10. 


Figure  10.  Conducting  path  with  cables  attached 
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IV.  FABRICATION 


A.  ELECTRICAL  COMPONENTS 

The  manufacturing  of  the  pressure  vessel  took  approximately  14  days.  The  delay 
in  the  expected  time  was  due  to  a  wait  for  cable  connectors.  When  the  pressure  vessel 
was  ready,  the  electrical  components  were  mounted  on  the  aluminum  tray.  The 
aluminum  tray  was  five  inches  across  and  nearly  three  feet  long,  almost  as  long  as  the 
pressure  vessel  itself.  To  mount  the  electrical  components,  a  sheet  of  PVC  1/4  inch  thick 
was  mounted  on  top  of  the  aluminum  tray  to  give  the  zapper  an  insulated  surface.  The 
PVC  sheet  was  thick  enough  so  the  mounting  screws  of  the  components  did  not  penetrate 
the  PVC  and  contact  the  aluminum  below. 

The  primary  consideration  for  where  to  place  the  electrical  components  was  the 
desire  to  minimize  any  Electromagnetic  Interference  (EMI)  which  might  result  from  the 
large  current  occurring  during  discharge.  EMI  can  adversely  affect  logic  components 
such  as  the  BL2000,  5V  voltage  regulator,  and  amplifier  circuit.  So,  the  capacitor  was 
placed  at  the  end  of  the  vessel  near  the  feedthroughs,  and  the  logic  components  were 
located  at  the  other  end.  Most  of  the  components  were  four- five  inches  in  dimension,  so 
the  components  were  mounted  in  a  line.  Another  goal  in  the  placement  of  the 
components  was  to  make  the  wiring  between  everything  as  short  as  possible. 

Starting  from  the  end  opposite  the  feedthrough  cables,  the  12V  battery  was 
mounted  first.  The  battery  was  mounted  using  a  metal  bracket  that  nearly  encased  the 
battery,  leaving  the  terminals  exposed.  Figure  1 1  shows  a  picture  of  the  mounted  battery. 
The  battery  was  placed  here,  because  the  BL2000  and  logic  circuits  also  needed  to  be 
placed  at  this  end  and  required  the  12V  source.  The  next  component  mounted  was  the 
BL2000.  The  BL2000  had  holes  for  mounting,  so  the  BL2000  was  screwed  into  place. 
The  amplifier  circuit,  voltage  regulator  circuit  and  650  Q  resistor  for  the  DC-DC  voltage 
regulator  were  soldered  onto  a  prototype  board.  The  power  from  the  battery  was  also 
inserted  into  the  prototype  board  to  provide  a  central  place  for  power  for  the  zapper.  The 
magnetic  switch  was  placed  in  series  between  the  12V  power  and  the  power  lead  for  the 
DC-DC  voltage  converter  on  the  prototype  board.  The  prototype  board  was  then 
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mounted  onto  plastic  supports  that  were  screwed  into  the  BL2000.  Figure  12  shows  the 
prototype  board  mounted  onto  the  BL2000  with  the  protective  cover.  The  pressure 
sensor  was  screwed  into  the  pressure  vessel's  end  cap  on  the  battery's  side.  The  photo  of 
this  is  shown  in  Figure  13. 


Figure  11.  12V  solid  lead  acid  battery  with  mount 


Figure  12.  PC  board  and  BL2000  with  protective  cover 
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Figure  13.  Pressure  sensor  and  end  cap 


The  next  part  mounted  was  the  IGBT  since  the  inputs  for  the  IGBT  come  from  the 
prototype  board.  The  DC-DC  voltage  converter  was  mounted  next  to  the  IGBT  with  a 
bracket.  The  IGBT  and  DC-DC  voltage  converter  are  shown  mounted  in  Figure  14. 
Finally  the  capacitor  was  mounted  at  the  far  end  of  the  device  as  close  as  possible  to  the 
feedthrough  cables.  The  feedthrough  cables  on  the  inside  of  the  zapper  were  too  long, 
and  these  were  cut  and  spliced  with  a  smaller  gauge  wire  to  be  connected  to  the  capacitor. 
The  capacitor  was  first  put  in  a  cradle,  and  then  a  bracket  was  placed  around  the  capacitor 
and  cradle.  The  mounted  capacitor  and  the  spliced  inside  cables  are  shown  in  Figure  15. 


Figure  14.  IGBT  and  DC-DC  voltage  converter 
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Figure  15.  4//  F  capacitor 

B.  PRESSURE  VESSEL  AND  EXTERNAL  COMPONENTS 

The  conducting  path  was  originally  constructed  with  the  three  A  inch  plastic 
supports  shown  in  Figure  9.  However,  to  minimize  interference  with  the  acoustic  pulse, 
the  plastic  supports  were  decreased  to  1/4".  The  conducting  path  without  the  towed  array 
tubing  attached  is  shown  in  Figure  16.  The  towed  array  cable  was  then  slid  over  the 
conducting  path.  The  towed  array  tubing  arrived  flattened  and  was  therefore  hard  to  put 
around  the  conducting  path  without  damaging  it.  Heating  the  tubing  made  it  more 
pliable.  After  fitting  it  on  the  conducting  path,  the  tubing  was  slightly  loose.  A  plastic 
screw  was  used  to  keep  it  in  place.  Figure  17  shows  the  conducting  path  with  the  towed 
array  tubing  on. 


Figure  16.  Conducting  path 
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Figure  17.  Conducting  path  with  towed  array  tubing 
The  current  carrying  cables  running  through  the  feedthroughs  were  0  gauge  and 
had  a  voltage  rating  of  30kV  Since  these  cables  were  extremely  stiff  and  the  voltage 
rating  was  higher  than  necessary  for  such  a  short  pulse,  the  cables  were  reduced  to  a  more 
manageable  gauge  (8).  A  3M  splice  kit  for  underwater  use  was  used  to  splice  smaller 
cable  to  both  ends.  A  molding  was  placed  around  the  joint,  and  resin  was  poured  into  the 
molding  and  left  to  cure  for  24  hours.  Figure  18  shows  the  entire  conducting  path 
mounted  and  connected  to  the  zapper. 
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V.  TESTING 


A.  NPS  TESTS 

1.  Initial  Test 

The  initial  test  for  the  zapper  was  at  NPS  on  January  17,  2006,  in  a  polypropylene 
tank  approximately  36cm  x  72cm  x  60cm  (width,  length,  depth).  The  tank  was  filled  to 
55cm  with  fresh  water  from  the  sink  in  the  laboratory.  True  seawater  was  not  readily 
available  in  the  quantity  needed,  so  seawater  was  simulated  by  using  sodium  chloride 
water  softener  salt  to  approximate  the  salinity  of  seawater,  35ppt.  Based  on  the  volume 
of  water  in  the  tank,  the  amount  of  water  softener  salt  needed  was  801bs.  This  was  added 
to  the  tank  and  allowed  to  dissolve  for  24  hours. 


The  purpose  of  this  test  was  to  test  the  zapper  to  see  if  the  device  was  working  as 
intended  and  to  observe  the  nature  of  the  acoustic  pulse  emitted  to  see  if  the  pulse  was  as 
expected.  For  this  test,  the  electronics  portion  of  the  zapper  was  positioned  outside  the 
polypropylene  tank  with  the  conducting  path  hanging  in  the  water.  Two  four-by-four 
wooden  planks  were  laid  over  the  tank,  and  the  zapper  was  suspended  on  them.  The 
conducting  path  was  held  vertical  in  the  center  of  the  tank,  and  the  midpoint  was  lowered 
to  28cm  in  depth.  A  Bruel  and  Kjser  8103  type  hydrophone  was  initially  27cm  away 
from  the  conducting  path  and  held  vertical  with  ring  stands.  Figure  19  shows  a  photo  of 
this  layout. 


Figure  19.  NPS  tank  test 
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The  battery  to  the  zapper  was  connected  and  a  magnet  was  applied  to  the 
magnetic  switch  to  close  the  circuit  between  the  DC-DC  converter  and  the  12V  battery  to 
charge  the  capacitor.  The  capacitor  was  monitored  using  a  DC  probe  rated  at  6kV  which 
lowered  the  voltage  by  a  ratio  of  1,000: 1 .  This  allowed  the  voltage  across  the  capacitor  to 
be  read  by  a  voltmeter.  The  circuitry  of  the  zapper  worked  as  designed. 

An  acoustic  pulse  was  measured  by  the  hydrophone  and  an  example  of  this 
waveform  can  be  seen  in  Figure  20.  The  sensitivity  of  the  hydrophone  was  26 
juV  /  Pa  over  the  frequency  range  of  the  pulse.  As  expected,  the  waveform  was  observed 
to  be  bipolar;  however,  it  appeared  to  go  negative  first.  The  hydrophone's  position  was 
varied  20-60cm  in  distance  from  the  conducting  path  and  was  raised  up  to  10cm 
vertically  from  the  midpoint  of  the  conducting  path.  22  waveforms  were  recorded  during 
the  testing.  A  table  with  the  raw  numerical  data  from  the  pulses  which  agreed  with  the 
expected  bipolar  pulse  shape  is  shown  on  Table  1. 


TEST  # 

Voltage  (V) 

Pressure  (Pa) 

Height  (m) 

Distance  (m) 

Pressure  at  1m  (Pa) 

Pulse  Length  (us) 

Test  7 

0.083 

6.38 

even 

0.2 

1.28 

130 

Test  8 

0.125 

9.62 

even 

0.25 

2.40 

108 

Test  15 

0.082 

6.31 

even 

0.3 

1.89 

95 

Test  16 

0.087 

6.69 

even 

0.3 

2.01 

95 

Test  17 

0.088 

6.77 

even 

0.3 

2.03 

110 

Test  18 

0.123 

9.46 

even 

0.2 

1.89 

105 

Test  19 

0.125 

9.62 

even 

0.2 

1.92 

105 

Table  1.  Jan  17  Test  Results 
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Tank  Test  17  Jan  2006  -  Ht  0  Range  25  Pos  Edge 


Figure  20.  Jan  17  NPS  tank  test  zapper  pulse 


2.  Follow  on  tests 

The  zapper  was  tested  in  the  tank  again  on  January  25,  2006.  The  purpose  of  this 
test  was  to  observe  the  acoustic  pulse  as  well  as  the  current  levels  using  a  Pearson 
Current  Monitor  Model  4997  which  converted  the  current  into  voltage  at  a  ratio  of  100:1. 
The  peak  value  of  the  current  allowed  a  calculation  of  the  resistance  of  the  conducting 
path.  This  was  used  to  calculate  the  effective  resistivity  of  the  saltwater  tank  assuming 
that  the  resistance  of  the  cables  could  be  neglected.  The  same  experimental  setup  as  the 
previous  test  was  used.  This  time  the  hydrophone  was  kept  at  a  constant  distance  of 
27cm  and  the  height  maintained  at  the  midpoint  of  the  conducting  path.  The  towed  array 
tubing  around  the  conducting  path  was  removed  for  some  of  the  data  points.  A 
representative  waveform  with  both  the  current  and  the  acoustic  pulse  is  shown  in  Figure 
21.  Nine  data  points  were  taken,  and  these  are  shown  in  Table  2. 
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TEST  U 

Voltage  (V) 

Pressure  (Pa) 

Distance  (m) 

Pressure  at  1m  (Pa) 

Pulse  Length  (us) 

Current  Amplitude  (A) 

Current  pulse  length  (us) 

Test  3 

0.246 

18.92 

0.27 

5.11 

160 

191 

110 

Test  4 

0.226 

17.38 

0.27 

4.69 

180 

191 

120 

Test  5 

0.223 

17.15 

0.27 

4.63 

180 

189 

120 

Test  6 

0.218 

16.77 

0.27 

4.53 

180 

190 

120 

Test  7 

0.19 

14.62 

0.27 

3.95 

130 

194 

110 

Test  8 

0.205 

15.77 

0.27 

4.26 

140 

198 

100 

Test  9 

0.289 

22.23 

0.27 

6.00 

140 

not  recorded 

not  recorded 

Test  10 

0.204 

15.69 

0.27 

4.24 

130 

197 

100 

Table  2.  Jan  25  Test  Results 

Current  and  Pressure  Vs  Time  -  Sheathed 


B.  KEYPORT  TEST 

The  testing  of  the  zapper  in  seawater  was  done  at  Keyport,  WA  on  January  20, 
2006  at  the  Naval  Undersea  Warfare  Center  (NUWC)  Acoustic  Test  Facility.  The 
purpose  of  this  test  was  to  test  the  zapper  underwater  and  to  see  if  the  acoustic  pulse  was 
as  expected  and  consistent  with  the  NPS  tests.  The  zapper  was  deployed  vertically 
underwater  with  a  mechanical  hoist  and  lowered  several  meters  below  the  surface  of  the 
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water.  An  ITC  5600  type  hydrophone  was  lowered  to  depth  of  the  midpoint  of  the 
conducting  path  which  was  4m.  The  hydrophone  was  initially  placed  2m  away.  The 
conducting  path  was  rotated  in  90  degree  increments  to  determine  the  waveform’s 
directionality.  The  setup  of  the  experiment  is  shown  on  Figure  22.  The  conducting  path 
was  raised  and  lowered  10cm  above  and  below  the  level  of  the  hydrophone  and  again, 
four  samples  were  taken  at  90  degree  increments  for  each  height.  For  these 
measurements,  the  hydrophone  was  moved  to  a  distance  of  lm  from  the  conducting  path. 
The  zapper  was  then  taken  out  of  the  water,  the  towed  array  tubing  around  the  conducting 
path  removed,  and  three  measurements  were  taken  at  a  distance  of  2m.  The  hydrophone 
was  again  positioned  at  the  midpoint  of  the  conducting  path.  The  sensitivity  of  the 
hydrophone  was  -166dB  V/pPa.  The  temperature  of  the  seawater  was  recorded  as  9 
degrees  Celsius  with  a  salinity  of  29ppt.  A  waveform  from  this  test  is  shown  in  Figure 
23.  A  total  of  15  pulses  were  recorded  and  the  data  is  shown  on  Table  3. 


Figure  22.  NUWC  Keyport  Test 
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Data  from  NUWC  Keyport  Calibration  Facility 


Time(s) 

Figure  23.  NUWC  Keyport  zapper  pulse 


TEST# 

Voltage  (V) 

Pressure  (Pa) 

Distance  (m) 

Pressure  at  1m  (Pa) 

Pulse  Length  (us) 

Test  1 

1.27E-02 

2.71  E+00 

2 

5.42E+00 

50 

Test  2 

1.72E-02 

3.68E+00 

2 

7.35E+00 

45 

Test  3 

1.38E-02 

2.95E+00 

2 

5.90E+00 

54 

Test  4 

1.66E-02 

3.55E+00 

2 

7.09E+00 

43 

Test  5 

9.93E-03 

2.12E+00 

1 

2.12E+00 

40 

Test  6 

8.74E-03 

1 .87E+00 

1 

1 .87E+00 

51 

Test  7 

9.00E-03 

1 .92E+00 

1 

1 .92E+00 

52 

Test  8 

3.54E-03 

1  .S2E+00 

1 

1 .32E+00 

55 

Test  9 

4.70E-03 

1 .00E+00 

1 

1 .00E+00 

45 

Test  10 

3.31  E-03 

3.14E-01 

1 

3.14E-01 

50 

Test  11 

6.06E-03 

1 .29E+00 

1 

1 .29E+00 

52 

Test  12 

6.09E-03 

1 .30E+00 

1 

1 .30E+00 

40 

Test  13 

3.09E-03 

1 .73E+00 

2 

3.46E+00 

53 

Test  14 

7.60E-03 

1 .62E+00 

2 

3.25E+00 

42 

Test  15 

7.25E-03 

1 .55E+00 

2 

3.10E+00 

60 

Table  3.  Keyport  Test  Results 
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VI.  RESULTS 


A.  NPS  TANK  RESULTS 

1.  Jan  17  Test  Results 

As  noted  in  Chapter  V,  the  zapper  produced  an  acoustic  pulse  that  closely 
resembled  the  bipolar  pulse  that  was  expected  but  went  negative  first.  In  this  initial  test, 
the  cause  of  this  was  not  attributed  to  the  pre-amplifier,  as  the  inverter  button  was 
inactive.  A  series  of  tests  were  conducted  to  determine  the  polarity  of  the  hydrophone. 
These  tests  revealed  that  the  hydrophone  was  poled  to  produce  a  negative  voltage  for  a 
positive  pressure.  As  shown  in  Table  1,  the  peak  pressure  backed  out  to  one  meter  varied 
widely  and  averaged  1.9  +/-  0.3  Pa.  These  pressures  are  about  100  times  lower  than  the 
theoretical  value  of  308  Pa  calculated  using  Eq  3.  The  gain  of  the  pre-amplifier  was  set 
at  500.  The  reason  for  this  large  discrepancy  is  not  yet  known  and  is  still  being 
investigated.  The  pulse  lengths  were  very  close  to  the  expected  values  as  shown  in  Table 
1.  The  average  pulse  lengths  were  110  +/-  1  Ops,  which  is  consistent  with  the  theoretical 
value  of  1 12ps. 


2.  Jan  25  Test  Results 

The  second  test  at  the  NPS  tank  was  done  with  a  Pearson  current  monitor.  When 
the  current  waveform  and  the  acoustic  pulse  waveform  are  shown  on  the  same  graph  as  in 
Figure  22,  an  EMI  spike  is  seen  in  the  acoustic  waveform  at  the  same  time  as  the  current 
signal.  As  shown  in  Table  2,  the  average  peak  pressure  was  4.7  +/-  0.6Pa.  This  value  is 
also  about  two  orders  of  magnitude  below  the  theoretical  value  of  308  Pa.  It  is  also 
inconsistent  with  the  previous  NPS  tank  pressure  amplitude  of  0.8Pa.  Although  the  gain 
of  the  preamp  was  also  recorded  as  500  for  this  test,  an  error  in  the  gain  setting  cannot  be 
ruled  out  as  a  cause  of  this  inconsistency.  Other  possibilities  for  this  inconsistency 
include  temperature  and  salinity  variations  between  the  two  tests  conducted  at  NPS. 
Unfortunately  the  temperature  for  these  two  tests  was  not  recorded.  Furthermore,  not  all 
of  the  salt  added  had  a  chance  to  dissolve  in  time  for  the  tests  on  the  17th.  Therefore  the 
salinity  was  higher  on  the  25th.  The  average  pulse  lengths  were  considerably  higher  at 
160  +/-  20ps,  which  is  higher  than  the  theoretical  value  of  1 12ps.  The  pressure 
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amplitude  and  pulse  length  did  not  change  perceptibly  when  the  conducting  path 
insulation  was  removed. 


The  peak  current  measured  with  the  conducting  path  insulation  on  averaged 
191  A.  Using  Ohm's  law,  V=IR,  the  resistance  of  the  conducting  path  was  calculated  to 
be  12.5  Q.  Applying  Eq  4  the  resistivity  was  calculated  to  be  0.17Q  -  m ,  using  the 
diameter  of  the  copper  conducting  plates  of  6cm.  This  resistivity  of  the  tank  was  close  to 
the  accepted  average  resistivity  of  seawater,  0.2Q.-m.  When  the  conducting  path 
insulation  was  removed,  the  current  increased  to  198 A.  This  corresponds  to  a  resistance 
of  14Q .  Using  Eq  4  and  the  resistivity  of  the  tank,  0.17Q-/?? ,  the  effective  diameter  of 
the  conducting  path  increased  to  8cm.  This  effect  is  undoubtedly  due  to  the  fringing  of 
the  electric  field  and  indicates  that  having  insulation  around  the  conducting  path  is 
valuable  for  concentrating  the  heat  energy. 


B.  KEYPORT  TEST  RESULTS 

The  four  pulses  that  were  that  were  recorded  with  the  hydrophone  in  line  with  the 
midpoint  of  the  conducting  path  are  shown  in  Table  3.  The  average  pressure  of  these  are 
6.4  +/-  0.9Pa.  The  pulse  length  did  not  appear  to  change  with  angle  and  averaged  49  +/- 
6ps.  These  pulse  amplitudes  are  the  same  order  of  magnitude  as  the  NPS  tests,  but  the 
average  pulse  length  was  about  half  the  value  measured  at  NPS.  At  this  time  it  is  not 
known  whether  the  discrepancy  is  due  to  experimental  procedure  or  experimental 
conditions.  It  is  possible  that  during  the  NPS  tests,  the  hydrophone  was  not  positioned 
exactly  on  the  acoustic  axis  of  the  zapper. 

When  the  conducting  path  was  raised  and  lowered  10cm,  the  average  peak 
pressure  lowered  considerably  to  1.5Pa.  The  angle  between  the  hydrophone  and  the 
acoustic  axis  of  the  hydrophone  was  approximately  6  degrees.  Based  on  Eq  3,  the  peak 
pulse  amplitude  at  6  degrees  is  expected  to  be  about  2%  of  the  on-axis  amplitude. 
However,  the  measured  peak  pressures  were  approximately  20%  of  the  on-axis  values. 
This  discrepancy  cannot  be  attributed  to  near-field  effects  since  the  far-field  should  start 
at  about  20cm  based  on  the  far-field  equation: 
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^  n  L 
Eq  7  r  =  — , 

42 

where  L  is  the  length  of  the  conducting  path  and  2  is  the  wavelength  of  the  pulse. 


Three  pulses  were  recorded  with  the  towed  array  tubing  removed.  The  average  of 
the  peak  pressure  amplitudes  was  3.3Pa  which  was  approximately  3Pa  lower  than  the 
average  value  when  the  conducting  path  insulation  was  on.  Thus,  the  insulation  appears 
to  maximize  the  pressure  amplitudes.  A  graph  showing  the  peak  pressure  all  of  the 
waveforms  recorded  during  both  the  NPS  and  Keyport  tests  as  a  function  of  range  is 
shown  in  Figure  24.  The  curve  on  Figure  24  is  the  1/r  prediction  based  on  the  mean  of 
the  Keyport  data. 


Peak  Pressure  vs  Range  for  all  Runs 


Figure  24.  Summary  of  Results  -  Peak  Pressure  vs.  Range 
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VII.  CONCLUSION 


A.  DISCUSSION  OF  RESULTS 

The  zapper  successfully  produced  a  bipolar  acoustic  pulse.  Qualitatively,  this 
result  validates  the  theory  which  predicts  that  a  bipolar  acoustic  pulse  is  generated  by  the 
near  instantaneous  heating  of  a  fluid.  The  pulse  lengths  measured  in  the  NPS  tank  were 
reasonably  consistent  with  the  quantitative  predictions  of  theory.  They  had  an  average 
value  of  llOps  and  160ps  which  is  reasonably  close  to  the  theoretical  value  of  112ps. 
The  pulse  lengths  recorded  at  Keyport  were  not  consistent  with  theory.  The  average 
value  of  the  pulse  lengths  was  49ps.  The  difference  between  the  Keyport  values  and  the 
theoretical  value  is  being  investigated.  The  simplest  explanation  for  this  discrepancy  is  a 
mistake  in  the  recording  of  the  sampling  frequency.  The  pressure  amplitudes  for  all  the 
tests  were  fairly  consistent  and  much  lower  than  the  predicted  value  of  308Pa. 

The  pressure  amplitudes  did  not  change  significantly  when  the  towed  array  tubing 
was  removed  from  the  conducting  path  in  the  NPS  tank  tests.  However,  when  the  same 
tests  were  done  at  Keyport,  the  differences  in  pressure  were  approximately  3Pa.  This 
indicates  that  the  towed  array  tubing  does  enhance  the  performance  of  the  zapper,  though 
perhaps  not  as  dramatically  as  expected. 


B.  AREAS  FOR  FURTHER  STUDY 

While  the  zapper  was  successful  in  proving  that  the  acoustic  pulse  created  by  an 
electric  discharge  in  seawater  is  consistent  with  theoretical  predictions  for  a  neutrino 
interaction,  there  are  still  a  number  of  unresolved  questions.  One  of  the  more  puzzling 
questions  is  the  large  difference  between  the  measured  pressure  amplitude  and  the 
theoretical  value.  Another  subject  for  further  study  is  the  difference  that  was  seen 
between  the  NPS  data  and  the  Keyport  data.  More  testing  needs  to  be  done  to  confirm 
that  there  is  an  actual  difference  in  pulse  length  and  amplitude  rather  than  an  incorrect 
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gain  setting,  calibration,  or  sampling  rate.  In  addition,  further  work  is  necessary  to 
determine  the  sensitivity  of  the  pulse  length  and  amplitude  to  temperature,  depth,  and 
salinity. 

Follow  on  work  also  needs  to  be  conducted  to  determine  whether  the  amplitude  of 
the  zapper  signal  is  strong  enough  to  be  used  to  calibrate  the  AHRP  arrays. 
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■  E*t mli 1 1  MSP  600  Series  Transducer  Instruction  Sheet 


Performance  Specifications 


-0.25%  SSL,  mo*  (per  i$a  837.21 

17-4  PH  sromkess  steel.  '316  stainless  $teci  availODle  upon  request l 
2x  roied  pressure 

5x  (OH  scoie  or  20.000  psi,  whichever  is  less 
±0.25%  of  fs  Span  (typical] 


Electrical 


For  village  output  configurations  use  >  1 QQ*  Ohms  lor  dueled  pc*forr  ■  r  <■ 
For  4 '20  mA  output  configuration  use  0.05’lVsuppfy-l0]  K  Ohms  fm  mn.- 
loop  resistance. 

DC  to  1  Kh?(TypiCOl| 

■40  to  21 2  F  [-40*  lo  1 00 -C]  for  tools  coefigurotion 
*40  to  257  f  [  40;  ro  125  Cj  for  Pockcrd  stylo  connector  eonfigumi.c  ■■ 

4  to  155  F  (-20'  to  65  C] 

<  ±  1  %  of  FS  [75- 1 0,000  PSI]-  <  ±  I  5%  Of  FS  [25-50  PSl| 

<  ±  1 .5%  Of  F$  [‘40'  to  125 'C] 

■49  lo  212  F  (-45  to  100  C]  for  coble  configuration 
49  10  25?  F  (-45  to  I25'C)  for  Packard  -  stylo  connector  configu'diicn 

5Qg,  1 1  msec  haf  are  shock  per  MH-STD-  202  F  method  21 3B.  condiim-  ■■ 
■i  20g  ML-5TD-81  DC.  Procedure  514.2.  Figure  51 4.2-2,  curvr  . 

EN  5008 1  -2 

EN  50082-2  (10  WM.  26-1000  Whz| 
fcN  61326  (Effective  July  1. 2001} 

Note:  ah  performance  and  electrical  specifications  are  relerenced  :o  25  C,  unless  otherwise  mdicaiec 


Dear  voiuea  Customer 

The  enc  ased  oressurc  vonsducer  has  boon  manufactured.  tested  arid  nspecled  in  accordance  withafi  ape  1  im 
D’ocedgras  ond  practices  os  osiab  isnea  in  our  regisre?ea  ISO  9050  quality  system  *e  certify  that  this  sensor  is  m 
full  conlormance  with  qi  written  specifications  as  contained  n  this  instruction  sheet 

Signature:  Wang  Xuemm 
Title.  Quality  Manager.  MS1/JL 


1-  -.TV  ;L  >-itj.i|9Si  -r.  SOilSOlSGfCup  U  aolUSK*  Sensor  OMifc''  !  COE  L-JCuS  Way  'fUT.oron.  VA  CCH  -'Is,  J  >r  'ill :  r-. 

'  ■  • ' t;' ■' 1  -uk  i  ?  Vi  -'*6. f  t  oi  mo»e  mfameWo'i  v sit  awr  wee®?*  ai  Viw;  m$iu$a  COU.  e .m^i  odaress  ?e * iscfls  f  "?u ;v'.. f "  '  r  ■ 


Lead  impedance 

Bond  width  [-3d&) 

Operating  temp  range 

Compensated  temp  range 
Total  error  pend 

Over  CarnpensortssJ  hema«rQ\rf«  rOr'^i 
.Over  'l.1  ccieiqri^  lempero^r*  rcr^ftt 

Storage  temperatu'C  range 

Shock 

Viprction 

EMtfRFI 


Accuracy  [combined  linearity, 
hysteresis  and  repeatability] 

Medio  compatibility 
Pressure  overload 
Burst  pressure 
Long  Term  stability  ]  1  yea*] 
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CM400HB-90H 


Fowerex,  Inc.,  ZOO  HilSis  Street ,  Youngwood,  Pennsylvania  15G97*1$QQ  (724}  $2$*72?2 


Single  tGBTMOD  ™ 
HViGBT 

400  Ampere$/4500  Volts 


Outline  Drawing  and  Circuit  Diagram 


Dimensions 

Inches 

Millimeters 

91  mens  ions 

Inches 

Minimelers 

A 

512 

130.0 

N 

2  42 

61.5 

S 

5.51 

140  9 

P 

0.53 

159 

C 

1  SO 

38  0 

a 

1.57 

40.0 

O 

445 

1140 

R 

0-20 

5.2 

£ 

4.88*0.01 

1240-0  25 

s 

1.16 

29  5 

F 

1.57 

400 

T 

1  10 

26.0 

G 

0  79  ' 

20  0 

U 

M4  Metric 

M4 

H 

0-41 

19.35 

V 

ME  Metric 

MS 

J 

0.42 

10.65 

w 

0.23  Die- 

Did  7.0 

K 

1.92 

4&.J5 

X 

D.2Q 

50  " 

L 

2.24+0  01 

57.0+0.25 

y 

0.71 

18.0 

M 

1.71 

43.5 

Description: 

Powerex  IGBTMGD™  Modules 
are  designed  for  use  in  switching 
applications.  Each  module  consists 
of  one  IGBT  Transistor  with  a 
reverse-connected  super-fast 
recovery  free-wheel  diode 
All  components  and  interconnects 
are  isolated  from  the  heat  sinking 
baseplate,  offering  simplified 
system  assembly  and  thermal 
management. 

Features: 

□  Low  Drive  Power 

□  Low  VCE{sat) 

□  Super-Fast  Recovery 
Free-Wheel  Diode 

□  Isolated  Baseplate  for  Easy 
Heat  Sinking 


Applications: 

P  Tract  on 

□  Medium  Voltage  Drive 

□  High  Voltage  Power  Supplies 


Ordering  Information: 

Example:  Select  Ihe  complete 
part  module  number  you  desire 
from  the  table  below  -Le. 
CM400HB-90H  is  a  4500V  {VCES>. 
400  Ampere  Singre  IGBTMOD™ 
Power  Module. 


Type 

Currenl  Rating 

VC£S 

Amperes 

VOltS  {*  50) 

CM 

400 

90 

1 
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Powerex.  !nc_r  2<X)  Hillis  Strut,  Yovngwood,  Pennsylvania  1  SS97-iB$0  (724)  $25-7272 


CM4Q0HB-90H 

Single  IGBTMOD HViGBT 

400  Amperes/4500  Volts 


Absolute  Maximum  Ratings,  Tj  ^  25  C  unless  olherwise  specilied 
Ralings 

Junction  Temperature 
Storage  Temperature 
Cdlactcf -Emitter  \fafiage  (VgE  =  CKVJ 
Gate-Emrtler  Voltage  {V^e  -  OV) 

Colledof  Current  [Tc  ■  25’C) 

Peak  Collector  Current  (Putsel 
Diode  Forward  Current”  (Tc  =25*C> 

Diode  Forward  Surge  Cured**  (Pufcvi) 

M&Kimum  Collector  OiSBipalion  (Tt  =  2$*C,  IGBT  Part.  Tj  £  125*G) 

Man .  Mounting  Torque  MS  Terminal  Screws 
Ma*  Mounting  Torque  M&  Mounting  Screws 

Mgn .Mounting Torque  M4  AjuwiHary  Terminal  Screws 

Modute  Woighl  (Typical)  _ 

Isolation  Voltage  (Charged  Pari  to  Baseplate.  AC  6rjHz  1  min.) 


Static  Electric 3 1  Characteristics,  Tj  -  25  C  unless  otherwise  specified 

Characteristics  Symbol  Test  Conditions 


Collector-Cutoff  Currcm 
Gale  Leakage  Curront 
Gale-Emitter  Thrcstrald  Voltage 
Cdlledor-Emiller  Saturation  Village 


Emitter-CoMeclor  Voltage" 


VC6gVceS.VGEaW 
Vge  =  Vcea.  vce-w _ 

lc=  jQmA.VCE  =  1QV 
lc=4Q0*.VsE  =  lSV.y2S‘C 
lc  =  40QA.  VG£  =  15V.T|=125->C 
VCC  =  ^S50V,  lC  ^OCA.  VGE  =  15V 
fE  =  JtJOA.  Vqe  =  Ov 


aradwKftcs  (rf  -p^sim.  r*nllf  i-krcota^of  im+  a 
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Powerex.  Inc.,  200  HiWs  Street.  YtrVngwood,  Pennsylvania  1  $097-1800  (724}  92S-7272 

CM400HB-90H 

Singh  tGBTMOD™  HVIGBT 

40Q  Ampere$/4S0Q  Muffs 


Dynamic  Electrical  Characteristics,  25  ?C  unless  Glherwise  specified 


Characteristics 

Symbol 

Test  tend  Hi  cm  s 

Klin. 

T TF. 

May. 

Units 

Input  Capacitance 

- 

77 

_ 

nF 

Oulpul  Capacitance 

CM, 

vGe  =  av.vCE^iov 

- 

55 

_ 

nF 

Reverse  Transfer  Capacitance 

cros 

- 

1j6 

_ 

nF 

Resistive  Turn-dr  Delay  Time 

Vcc  =  225W,  lC  -  40&A. 

- 

- 

24 

F3 

Load  Rise  Time 

VCET  =  VGE2  =  15V. 

- 

2A 

ps 

Switching  Turn-elf  Delay  Time 

_ 

Rg  =  22.5 Cl 

- 

- 

60 

JJS 

Times  Fall  Time 

it 

Resistiv&  Load  Switching  Operation 

- 

- 

1.2 

/■* 

Diode  Reverse  Recovery  Time*’ 

w 

ie  =  40&a.  dig /ett  =  -aouA/^s 

- 

- 

16 

JJ5 

Diode  Reverse  Recovery  Charge"* 

Qrr 

lg  =  400A,  dig/rfl  -  -SOCA/ps 

- 

160' 

z 

JJC 

'  P  ■mSi"!  (Jllfl  sfp^b^n  l-ew  btiwAf  &e  5HK71  llml  (JtVIC*  ■-KjCt-O"!  ImMIMI  <ftlurr  P»  B  rKgtpblC 

L  *rp'™rn- dvw nctenuci  of  ™  itfviV'i-WtV'Ktw  froB.^iaiH  ds«  IFWOiJ 

Thermal  and  Mechanical  Characteristics,  Tj  a 

25  C  unless  otherwise  specified 

Characteristics 

Symbol 

Test  Conditions 

Min. 

Typ. 

Max. 

Llrrils 

Thermal  Resistance,  Junction  to  Cese 

^1h[j-c;>0 

Per  lOBT 

- 

- 

0.025 

K m 

Ttwrmai  Resistance,  Junction  to  Case 

f^hti-c)  D 

Per  FWDi 

- 

_ 

0  045 

K/W 

Contact  Thomnst  Resistance,  Case  to  Fin 

RtSfc-f) 

Par  Module,  Thermal  Grease  Applied 

- 

0  015 

K/W 

3 
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Compact,  Low  Cost  High  Voltage  Converter 


I.SkV  to  25kV  (Positive  or  Negative)  @  1*5  Watts 
DX  Series 


www. emcohighvoltage.com 


High  voltage  Corporation 


FEATURES 

Resistance  Controllable 

Lew  EMI/RFl  Sine  wave  Oscillator 

Small  Size 

Short  Circuit  Protection 
Low  Co&VHigh  Performance 

OPTIONS 
24V  Inpul 

Input/Quipur  Connedors 
Input/Oulpul  Isolalion 
Voltage  Monitor 

APPLICATIONS 

Air  deaners 
Ignite  ra 

Dielectric  Testers 
ionizers 

Electrostatic  Generators 
CRT  Anode? 

Image  Intensifies 
Capaotor  Charging 


The  DX  series  is  a  line  of  compact  oscillator  and  a  fully  enclosed 
power  supplies  providing  up  to  ferrite  pot  core  transformer  The 
25,000  VDC  for  air  cleaners,  output  voltage  is  controlled  by  an 
igniters,  dielectric  testers,  externat  potentiometer  or  resistor, 

electrostatic  field  generators  and  Both  positive  and  negative  outputs 

other  applications  requiring  a  are  available.  The  high  voltage 
compact  source  of  clean,  reliable,  connection  is  made  Ih rough  a 
low  cost  high  voltage.  This  unit  30kV  silicone  wire.  Call,  fax,  or  e- 

exhibits  low  noise  and  EMI/RFl  by  mail  your  requirements  for 

utilizing  a  quasi-sinewave  immediate  attention. 


MtHJEL 

DK1Q0 

QK  1-DON 


0X1  ZD 
’  OX120N 
OX  160 
0X1 WN 
OXZOB 
0X200  N 
0X260 
OX250N 
OX2SON-2*'1 
■Mole 

1 .  At  Maximum  Rated  Gulpul  Voltage. 

2.  24V  Input  Powcf  Opliflrt 


PHYSICAL  CHARACTERISTICS 

SIZE  3.75  X  1.5  X  1  {95.3  x  36  1  x  25 A  ) 
WEIGHT:  7  Ounces  (193  grams) 

PACKAGING'  Fully  Encapsulated 

CASE  MATERIAL:  Glass-filled  Epoxy 

HV  OUTPUT  LEAD  *22  AWG.  30kV,  Silicone 


ELECTRICAL  SPECIFICATIONS 
INPUT  VOLTAGE:  12  Volts  (-5%.  +10%) 

INPUT  CURRENT.  FULL  LOAD  <400  mA 
OUTPUT  VOLTAGE  See  Table 
OUTPUT  CURRENT:  See  Table 
RIPPLE'  2%  P-P 

VOLTAGE  CONTROL.  Connect  5k  Potentiometer 
with  wiper  arm  to  orange  wire.  Connect  remaining 
potentiometer  lead  to  hlack  wire 
OPERATING  TEMP  -tO*  to  +50n  C 


12M-3GJ  B;-  MiN 

IYFHUIL 


e-mail  sfllcs@cincoh  i  eh  volta^e.com 
Web  site  www  emcoliigh voltaic, com 


Phone  (209)  267-1630  Fax  (209)  267-0282 
70  Forest  Products  Road,  Slitter  Crrck  CA  95685 
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PD-9442& 


International 
IGR  Rectifier 


AUTOMOTIVE  MOSFET 


IRF2805 


HEXFET®  Power  MOSFET 


Typical  Applications 

*  Climate  Control,  ABS,  Electronic  Braking, 
Windshield  Wipers 

Features 

*  Advanced  Process  Technology 

*  Ulra  Low  On-Resistance 

*  175'C  Operating  Temperate  re 

*  Fast  Switching 

*  Re  petitive  Ava  lanche  All  owed  u  p  to  Tjmax 


Description 

Specifically  designed  for  Automotive  applications,  this  HEX  FET®  Power 
MOSFET  utilizes  the  latest  processing  techniques  to  achieve  extremely 
low  on-resislance  per  silicon  area.  Additional  features  of  this  design  are 
a  175°G  junction  operating  temperature,  fast  switching  speed  and  im¬ 
proved  repetitive  ava  lanche  rating  .  These  features  combine  tn  make  (his 
design  an  extremely  efficient  and  reliable  device  for  use  in  Automotive 
applications  and  a  wide  variety  of  other  applications. 


Absolute  Maximum  Ratings 


Parameter 

Max. 

Units 

h,@Tc  =  25*C 

Continuous  Drain  Current.  V,:fl  ®  10V  {Silicon  limiled) 

175 

A 

b@Tc  =  WC 

Continuous  Drain  Current,  Vm  @  10V  [See  Fig  .9) 

120 

■n  m  Tc.  =  25*0 

Continuous  Drain  Current,  Vos  @  10V  (Package  limiled 

75 

|DFJ 

Pulsed  Drain  Current  © 

700 

P&  =  25C 

Power  Dissipation 

330 

W 

Linear  Derating  Factor 

2.2 

wre 

Vcs 

GaLe-lo-Scurce  Voltage 

i  20 

V 

Single  Pulse  Avalanche  Energy© 

J50 

01,1  | 

Ea£  (6  sigmah 

Single  pulse  AViMSnChe  Energy  Tested  Value® 

1220 

|»ah 

Avalanche  Current© 

See  Fig.  12a,  12b,  15,  16 

A  I 

E.w 

Repetitive  Avatanche  Energy^} 

mj  | 

Tj 

T5Tft 

Operating  Junction  and 

Storage  Temperature  Range 

-55  to  +  175 

■c 

Soldenng  Tempcrfitune.  for  10  seconds 

300  (1.6mm  from  case  > 

f  Mounting  Torque.  6-32  Of  M3  screw 

1.1  (10) 

N-m  (Ihfviy 

Thermal  Resistance 


Parameter 

Typ. 

Max. 

Units 

RriJC 

Junelton-Io-Case 

— - 

0.45 

hc>w  | 

RijCS 

Case-to-Sinx,  Fist.  OrensetE  Surface 

0.50 

— 

Rhj4 

Junction-ia-Anibienl 

— 

62 

HEXFET(R)  is  a  registered  trademark  of  International  Rectifier. 

www.irf.com  1 


S'3-02 
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IRF2805  Infer  national 

ittR  Recti  fier 


Electrical  Characteristics  @  T,  =  25°C  (unless  otherwise  specified) 


Parameter 

Min. 

Typ 

Max. 

Units 

Conditions 

V,BRigss 

Dram-tu- Source  Breakdown  Voltage 

55 

— - 

— 

V 

V[js  -  0V.  IG  =  250jjA 

1  AV.PtfH.tri^'LTj 

Breakdown  Voltage  Temp,  CoefTraont 

— 

0.06 

* — 

vr'c 

Reference  to  25"C.  Iq  =  1mA, 

FtDSto.j 

StaliC  DfamdO-SPunCC  On-Resistance 

— 

3-9 

4.7 

mli 

VtiS  =  lOV.  Iu  =  104A  & 

VGS)5i| 

Gate  Tnresnosd  Vuiiag« 

20 

— 

4.0 

V 

Vps  p  10V,  |D  =  250pA 

Wi 

Forward  Transconducta  nee 

91 

— - 

— 

S 

Vos  c  25V,  Id  =  104A 

'nss 

Drain-to-Source  Laakage  Current 

— 

— 

20 

uA 

VK-ssv.Vea-ov 

— 

— 

250 

Vds  -  55V.  VGS  B  ov.  Tj  -  12S-C 

fc&s 

Gote-to-Source  Forward  Leakage 

— 

— 

200 

nA 

ves  =  20V 

Gate'10‘£-Ourctf  Reverse  Leakage 

— 

— 

-200 

VGS  =  -20V 

Q, 

Tolal  Gale  Charge 

— 

150 

230 

Id  -  104 A 

q* 

Gate-lo-Sourcs  Charge 

— 

36 

57 

nc 

V0g  =  4JV 

Ctg-:l 

Gale-to-Drain  {IMiller")  Charge 

— 

52 

78 

Vcs=  iove> 

W' 

TunvQn  Delay  Time 

— 

14 

— 

Vqo  =  28V 

Ir 

Rrse  Time 

— 

"  120 

— 

to  s  IMA 

TurrvQff  Detoy  Time 

|  - 

63 

— 

ns 

RG  =  2.S12 

■i _ 

Fall  Time 

]  - 

110 

~1 

VGS  =  10V© 

Ld 

Internal  Dram  Inductance 

j  — 

4  5 

— 

Between  lead 

Omm  (0  25in.) 

l5 

Interna;  Soiree  lodudartcc 

7.5 

— 

from  package  ■  J  L* 

end  center  of  die  contact 

c,ss“ 

lilpu:  Capacitance 

— 

5110 

vGS  =  ov 

Ip  M3 _ 

Output  Capacitance 

— 

1190 

-  . 

pF 

Vds  =  25V 

C.h 

Reverse  Transfer  Capa  Ota  n« 

— 

'210 

— 

/  -  1  0MH7.  See  Fig,  5 

c„. 

Output  Capacitance 

— ~~ 

6470 

_  ' 

VGS  =  OV.  Vds  =  1 -OV.  /  =  1  0MHz 

Cw 

Output  Capacitance 

— 

660 

— 

VGS  =  OV.  VM  =  44V  f  -  1  0MHz 

1  Eff  I 

Effective  Output  Capacitance  ® 

— 

mo 

— 

Vfi£  =  0V„  Vos  -  OV  to  44V 

Source-Drain  Ratings  and  Characteristics 


Paramatar 

Min. 

Typ. 

Max. 

Units 

Conditions 

k 

CbnbinjOuS  Source  Current 
(Body  Diode) 

— 

— 

175 

A 

MOSFET  symbar 
showing  the  f'J 

integral  reverse  ■’  ■,  ,  .  J 

pm  junction  d  ode 

Ism 

Pulsed  Source  Current 

(Body  DiPde)  $ 

— 

— 

700 

Vsn 

Diode  Forward  Voltage 

— 

— 

1.3 

V 

Tj  -  25  C.  Is  =  1 04 A,  Vas  =  0V  s 

"r 

Reverse  Recovery  Tjrtv; 

— 

00 

120 

ns 

Tj  -  ?5"C.  h  =  104A 

Ofr 

Reverse  Recovery  Chargu 

— 

290 

430 

nC  i 

i  ()iVd(=  100A/US  ® 

[  Forward  Turn-On  Time 

Intrinsic  lum-on  time  is  ne£>siWe  Hum-on  is  dominated  by  L^-Lot'  | 

Nates: 

©  Repetitive  rating:  pube  width  rimiled  hy 
max.  junction  temperature.  (See  fig  11). 

S'  Stoning  Tj  =  25’C.  L  =  O.flKmH 

Pfc  =  25i!  Ias  -  104  A  (See  Figure  1 2). 

O  S  104A.  cl  i  dt  ^  240A:gs.  VDC,S  V^Bujgg, 
Tj  *  1750 

3£  Pulse  width  <  4QQps;  duty  cycle  2%. 


®  C^,  eff.  is  a  fixed  capacitance  that  gives  the  same  changing  lime 
33  C™  whine  Ve*;s  rising  frem  o  to  ao^  . 

®  Limited  by  TJrt,*,  .  sen  f=tg.12a,  12b,  IS.  16  tot  typical  repetitive 
avalanche  penTpirnance. 

0  This  value  determined  from  sample  failure  population.  ICOIk 
Lested  to  this  value  in  production 


2 


www.rrf.com 
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International 

ior  Rectifier 


IRF2805 


Fig  1.  Typical  Oulpul  Characteristics 


Fig  2.  Typical  Output  Characteristics 


Gste-to-Sourec  Voltage  (V) 


Fig  3,  Typical  Transfer  Characteristics  Fig  4,  Typical  Forward  Transconduclance 

Vs.  Drain  Current 


www.irf.com 
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IRF2805 


International 

ior  Recti  f:er 


i  in  wo 

VDS-  Drain-te-Souice  Voita£«  (V> 


o  40  so  i2o  m  m  wo 

□G  Total  Gate  Change  (riC) 


Fig  5.  Typical  Capacitance  Vs. 
Drain  *lo-Source  Voltage 


Fig  6.  Typical  Gate  Charge  Vs. 
GalS'loSource  Voitage 


4 


Fig  7r  Typical  Source-Drain  Diode 
Forward  Voltage 


Fig  8.  Maximum  Safe  Operating  Area 
www.rrf.com 
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Internationa' 
Tim  Rectifier 


IRF2805 


Tq,  C;k*  Tern»f rC) 


*  Jt  -K  1  Z!  «  H  an  IU  lit  14  Iio  1E0 
Tj  Julrtitn  Tnupprflfcnc  (  "  fj 


Fig  9.  Maximum  Drain  Currenl  Vs. 
Cage  Temperature 


Fig  10,  Normalized  On-Resis:ance 
Vs.  Temperature 


d<Mi  ean 

tf .  RBt&rtguiar  P jise  OuMhoft  (s»e] 


Fig  11,  Maximum  Effective  Transiertl  Thermal  impedance.  JundtorMoCase 


www.irf.com 
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IRF2805 


Fig  12a.  Undamped  Inductive  Test  Circuit 


Fig  12  b.  Undamped  Inductive  Waveforms 


Fig  13a,  Basic  Gale  Charge  Waveform 


Fig  13b.  Gate  Charge  Test  Circuit 
6 


Inter  notional 
I«R  Rectifier 


Tj,  JondH*!  T&rvet&i\ja  4  "C> 


Ftg  12c.  Maximum  Avalanche  Energy 
Vs.  Drain  Current 


Fjg  14.  Threshold  Voltage  Vs.  Temperature 
www.irf.com 
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Inter  no ‘ion  a 
X0R  Rectifier 


IRF2805 


lav  (sag.) 


Fig  15.  Typical  Avalanche  Current  Vs.Pulsewidth 


ZS  3)  75  tCO  125  iSfl  175 

Starting  Tj  ,  Junolion  Tempeteldte  (*CJ 

Fig  16.  Maximum  Avalanche  Energy 
V®.  Temperature 

www. rrf.com 


Holes  on  Repetitive  Avalanche  Curves  ,  Figures  1 5, 16' 

(For  further  info,  see  AM-1QQ5  at  www.lrf.comy 

1  Avalanche  failures  assumption 
Purely  a  ltwma.1  pfianomenon  and  failure  occurs  si  a 
temperature  far  in  excess  of  T^,.  This  is  vacated'  for 
every  part  type. 

2.  Safa  operation  in  Avalanche  is  allowed  as  long  asT,™*  is 
not  exceeded. 

3.  Equation  below  based  on  circuit  and  waveforms  shown  in 

Figures  12a,  t£t». 

4  F^  =  Average  power  dissipation  p*'  Single 
jivciljnche  pulse. 

5.  BV  =  Raled  breakdown  votlage  ( I  .3  factor  accounts  for 
voltage  increase  during  avalanche). 

6.  =  Allowable  avalanche  current 

7.  AT  =  AtowaWe  Asem  functon  temperature,  not  to  exceed 
Tfrftu  (assumed  as  25‘C  in  Figuftr  15,  16) 

iBir-  Average  time  in  avatanche 

0  =  Duty  cydo  in  avalanche  -  t*,  f 

Ztccffr  !w>  ■  Transient  Iharmal  resistance,  see  figure  11 ) 

Pa(™i-N3M-3BVU- 

(Afl|  =  Pfc  |>v»|-tjw 
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IRF2805  International 

IOR  Rectifier 


Fig  1 7.  Peak  Diode  Recovery  dv/dl  Tesl  Circuit  for  N-Channel 
HEXFET®  Power  MOSFETs 
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Internalioncf 
IOR  Redder 


IRF2805 


TO-220AB  Package  Outline 

Dimensions  are  shown  in  multimeters  {inches) 
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L7800 

SERIES 


POSITIVE  VOLTAGE  REGULATORS 


■  OUTPUT  CURRENT  UP  TO  1.5  A 

,  OUTPUT  VOLTAGES  OF  5;  5 .2;  &  6 ;  &  5;  9; 

12;  15;  IS;  24V 

■  THERMAL  OVERLOAD  PROTECTION 
.  SHORT  CIRCUIT  PROTECTION 

.  OUTPUT  TRAM  SIT  ION  SOA  PROTECTION 

DESCRIPTION 

The  L7S0D  series  of  three-terminal  positive 
regulators  is  available  in  TO-220  ISQWATT220 
TQ-3  and  D^PAK  packages-  and  several  fixed 
output  voltages,  making  i|  useful  in  a  wide  range 
of  applications. These  regulators  can  provide  local 
on-oard  regulation,  eliminating  Lhe  distribution 
problems  associated  with  single  point  regulation. 
Each  type  employs  internal  current  limiting, 
thermal  shut-dawn  and  safe  area  protection, 
making  It  essentially  indestructible.  If  adequate 
heat  sinking  is  provided,  they  can  deliver  over  1A 
output  current.  Although  designed  primarfly  as 
fixed  voltage  regulators.  these  devices  can  be 
used  with  external  components  to  obtain 
adjustable  voltages  and  currents 


TO -220  ISOWATT220 


BLOCK  DIAGRAM 


December  i$&,B 


1/75 
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L7ED0 


ABSOLUTE  MAXIMUM  RATINGS 


Symbel 

Parameter 

Value 

Unit 

VH 

DC  Input  Voltage  (tar  Vn  =  5  to  1  ©V) 

35 

V 

(forV0  =  20. 24V) 

40 

V 

ia 

Output  Current 

Internally  limited 

Power  Dissipadcoo 

Internally  limited 

Top 

Operating  Junction  TemperSlure  Range  (for  L7B00J 

-55  to  150 

°C 

(lor  LTfldOCl 

O  10  1 50 

"c 

T».6 

Storage  Temperature  Range 

-65  1o  150 

“C 

THERMAL  DATA 


Symbol 

Parameter 

d7pak 

TO-220 

1SOWATT2M 

TO-3 

Unit 

Rlhj-wi* 

Thermal  ResisLgnoe  Junction -case  Max 

3 

3 

J 

4 

°CiW 

R|h|-nrn& 

Thermal  Resistance  Junction-ambient  Max 

62  5 

50 

60 

35 

°QIW 

CONNECTION  DIAGRAM  AND  ORDERING  NUMBERS  (lop  view) 


Type 

T  0-220 

D>AK  n 

ISOWATT220 

TO  3 

Output  Votlage 

L7BQS 

L7B05T 

5V 

L7B05C 

L7&05CV 

L7805CD2T 

L7805CP 

L7805CT 

5V 

L7B52C 

L7&52CV 

L7852CD2T 

L7952CP 

L7S52CT 

5,2  V 

L7B06 

L730GT 

6V 

L7S0GC 

L7S06CV 

L7806CD2T 

L7806CP 

L7B0CCT 

6V 

L7SDS 

L7S0BT 

8V 

L7SO0C 

L7808CV 

L78DBCD2T 

L780&CP 

L7306CT 

SV 

L7885C 

L7685CV 

L78B5CD2T 

L7BS5CP 

L73&5CT 

S.5V 

L7809C 

L7B09CV 

L78&9CD2T 

L780&CP 

L7B05CT 

9V 

L7R12 

L7812T 

12V 

L781 2C 

L7012CV 

L7B12CD2T 

L7812CP 

L7&12CT 

12V 

L7S1 5 

L7B15T 

15V 

L7R15C 

L7815CV 

L7B15CD2T 

L7S1 5CP 

L7B15CT 

15V 

L7S1S 

L7B18T 

18V 

L7810C 

L781BCV 

L7B1BCD2T 

L7A18CP 

L7B18CT 

1 BV 

17820 

L7B20T 

20V 

L7820C 

L7820CV 

L7020CD2T 

L7B20CP 

L7020CT 

20V 

L7824 

L7B24T 

24  V 

L7824C 

L7324CV  | 

L7fl24CD2r 

L7B24CP 

i  L7824CT 

24  V 

( '  j  AVAILABLE  In  T aPtf  AND  HtLL  V.'l  r  K  -TP'  SLPkE  IX 


L7BQ0 


ELECTRICAL  CHARACTERISTICS  FOR  L78Q5C  {refer  to  the  test  circuits,  Tf  =  C  to  125  5C, 
Vj  -  1QV,  lg  =  500  m A,  Cj  =0-33  Ca  =0,1  nF  unless  otherwise  specifi&d) _ 


Symbol 

Parameter 

Test  Conditions 

Min. 

Typ. 

Mas. 

Unit 

v. 

Output  Voltage 

VZ5°C 

4.S 

5 

5.2 

V 

v* 

Output  Voltage 

L  =  S  mAlo  1  A  Pa$  15W 

V,  =  7lo2i>V 

4  75 

5 

5,  25 

V 

W 

Lina  Regulation 

V,  ^7  to  25  V  T,  =  2S°C 

V  =  e  to  1 2  V  T|  =  25“C 

3 

1 

1  DO 

50 

mV 

mV 

AVS 

Load  Regiiatim 

lD  =  5lo  1500mA  Tj=25^C 

l„  =  250  to  750  mA  T,  =2S*C 

IDO 

50 

mV 

mV 

ld 

Quiescent  Cuircrt 

T,  =  25  °C 

S 

mA 

iMn 

Quiescent  Cufft>rt  Charge 

In  -  5  to  1 000  mA 

0.5 

mA 

.MS  : 

;  Quiescent  Current  Change 

jv,=  7  to  25  V 

OS  : 

mA 

AVa  ■ 
AT  : 

DuLput  Voltage  Drift 

•lj  =  5inA 

-1.1 

eN 

j  Output  No?se  Vdtag& 

e  =  1 0H2  to  1 00KH2  T,  =  25  °C 

40 

pV 

SVR 

Suppy  voltage  Rcjecbch 

!V,=  8SOl8V  f=  12QH2 

62 

fiB 

V,  | 

OropaiA  Voasge 

jl9-1A  TP  =  25*C 

2 

V 

Rd  ; 

Output  Resilience 

]r  - 1  kh? 

17 

mlt 

l>E 

Shod  Circuit  Current 

I V,  =  35  V  Tj=25eC 

750  . 

mA 

IlCJl 

StVid  Clrcuil  Peak  Currant 

|t,=2$*C 

A 

ELECTRICAL  CHARACTERISTICS  FOR  L7S52C  (refer  to  the  test  circuits.  Tj  =  0  to  1 25  °C,  V,  =  10V, 
fo  ~  500  in  A,  Cj  *  0.23  |uiF,  Co  -  0. 1  jiF  unless  otherwise  specified} 


Symbol 

Parameter 

Test  Conditions 

w.rrwft 

Typ, 

Max. 

Unit 

v* 

Output  Voltage 

T,  =  25  :'C 

5.0 

5.2 

5.4 

V 

Vc 

Output  Voltage 

=  5  mA  to  1  A  P„£15W 
V,=8tp2QV 

4.95 

52 

545 

V 

aVq* 

Line  Rcgufelicn 

V,  =  7  to  25  V  T|  =  25  'C 

V,  =  8to12V  T,  =  25^C 

3 

1 

105 

52 

mV 

mV 

AV„‘ 

Load  Regulation 

l»  =  6  to  1500  mA  T,=25cC 
l„  =  250 1o  750mA  1,^25^ 

105 

52 

rnV 

mV 

Is 

Quiescent  Current 

Tj  =  25  °C 

0 

mA 

Aid 

Quiescent  Current  Change 

lc  =  5  to  1 000  mA 

0.5 

mA 

Aid 

Quiescent  Current  Change 

V,  -  7  to  25  V 

J  J 

mA 

AV0 

AT 

Output  Voltage  Drift 

Id  =  5  mA 

-1.0 

mV/t 

cN 

Output  Noise  Voltage 

0  =  10N2lo  ICOKHz  Tp  =  25  cC 

42 

pV 

SVR  . 

Supply  Voltage  Rejection 

v,  =  st»isv  fi  i20Hz 

61 

48 

vd  J 

Dropout  Vgtlage 

L  =  1  A  Tj  =  25  l7C 

|  2  | 

V 

RdH 

Output  Resistance 

f  =  iKHz 

17 

mo 

Short  Circuit  Currant 

V,  =  35  V  T,=2S*C 

750  ’  ' 

mA 

1-i-te  | 

Short  Cirajt  Peak  Curcnt 

Tf*25°C 

2.2  j 

A 

'  load  and  line  regulalitin  apuahed  ji:  eonsuyi:  junction  icmper-Sunr  Changes  *0  V.-  Uiro  mi  lieatiag  etretfs  inyii  be  (idem  u«o  account 
wpj\*atcy.  Pula:  tn-sling  with  krwdbly  cycta  is  used 


L7800 


ELECTRICAL  CHARACTER  I ST1CS  FOR  L780GC  (refer  to  the  test  circuits,  Tj  s  0  to  1 25  °C, 
V:  -  1 IV  In  =  5QQ  mA,  C,  -  0-33  ;iF  Cq  =  0,1  nF  unless  otherwise  a pecifiecl)  _ 


Symbol 

Parameter 

Test  Conditions 

Min. 

Typ. 

Max. 

Unit 

V, 

Output  Voltage 

VZS'C 

5.7S 

6 

G.25 

V 

v0 

Output  Voltage 

l„=5mAlo1  A  P^ISW 

V,  -  8  to  21  V 

5  7 

6 

6.3 

V 

Line  Regulate 

V,  ==8-025  v  Tj  =  25^C 

V,  =  9tol3V  T(  =  2ScC 

120 

60 

mV 

mV 

SV,/ 

Lo.irl  Resgiialron 

1<,  =  5  to  1  500  mA  T=25nG 
l6  =  250  to  750  mA  T,  -  25  “C 

120 

60 

mV 

mV 

h 

Quiescent  Currant 

T,  =  25  nC 

e 

mA 

Alp 

Quiescent  Current  Charge 

h  m  5  to  1000  mA 

0.5 

mA 

Sid 

Quiescent  Current  Change 

V,=  S  to  2&V 

1.3 

mA 

l\Vo 

at 

Output  Voltage  Drifl 

lD  =  5  mA 

i  -0.8 

mVi11  c 

eN 

Output  Noise  VoHage 

B  =  10Hz to  10019Hz  T,  =  25cC 

45 

SVR 

Soppy  Vutlage  Rejecdcn 

jVi  =  9l»19V  1-  120  Hz 

$3 

1  dS 

Vd 

DfOpca  Voyage 

ln  *1  A  T|-25°C 

2 

V 

Rn 

Output  Resi  stance 

f  =  1  KHz 

T9 

mil 

he 

Short  Circuit  Currcn! 

V,  =  35  V  I,  -  25^0 

559 

mA 

'•«*  i 

,  Sh  oft  Circuit  Peak  Current 

7>25^C 

2.2 

A 

ELECTRICAL  CHARACTERISTICS  FOR  L7808C  (refer  to  the  lest  circuits,  Tt  “  0  to  125  DG.  Vi  -  1 4  V, 
\t>  =  5Q€  rnA,  Ci  ~  0.33  |uiF.  Cp  =  Q.  1  piF  unless  otherwise  specified)  _ 


Symbol 

Parameter 

Test  Conditions 

Min. 

Typ. 

Max. 

Unit 

vfl 

Oulpul  Vcltrgie 

Tc  -  25  °C 

7.7 

8 

6.3 

V 

Vo 

Output  Voltage 

le  =  5  mA  to  1  A  Po^lSW 

V,  =  10.5(0  25  V 

7.6 

8 

6.4 

V 

AV„' 

L.me  Regulation 

V,  =  10510  25  V  T,=25':C 

V,- 11  lo  17  V  Tj  =  25^C 

169 

80 

mV 

mV 

£V„' 

Load  Regulation 

1™  =  5  lo  150(imA  T,^25°C 

l&  ^  250  lo  750  mA  TP  =  25°C 

169 

80 

rnv 

mv 

te 

OuietiDcnL  Current  T,  -  26^0 

3 

mA  | 

Ald 

Quiesesnt  Current  Change  '  t0  =  S  to  1 000  mA 

0.5  i 

mA 

Aid 

Quiescent  Current  Change  ‘  V,  =  1 0. 5  to  25  V 

1 

mA 

aVi 

IT 

Output  Voltage  Drift  l«  =  5  m  A 

-0.8 

mvre 

cN 

Output  Wo  se  Voltage 

S=  IDHLcfcqlOOKHz  T,  =  25 

52 

PV 

SVR  ] 

Supply  Volage  Rupclron 

V,  ==•  1 1 ,5to  21 5  V  f- 120  Hz 

56 

dB 

“J 

DropoUl  Volage 

l0  *  1  A  T,  -  25  °C 

2 

V 

r  r«> 

Oulput Resistance  |f  ■  1  KHz 

16 

mli 

he 

Short  Circuit  Current  |  V,  =  35  V  T,  .=  25  "C 

|  ho 

mA 

hep 

Short  Crrouit  Peak  Current  |tp  =  25  cC 

2  2 

A 

■  Load  and  Inn  infvjuljiiicn  are  st^e^ied  H  c&nsmi!  jun^on  ;emperalure.  Changes  in  Va  due  In  lL-MJLng  «fftcl>  mu^;  tm  lakei  into  account 
Separately  Pute.^  teshnq  wth  kiw  duly  tytte  is  used 
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